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A cascade transformation involving the Ugi reaction followed
by 5-endo-dig carbocyclization and retro-Claisen fragmenta-
tion providing access to a 1H-pyrrol-2(5H)-one core is de-
scribed. The operating protocol is very similar to the typical
Ugi reaction settings, while the overall outcome results from
Introduction
For over a century, multicomponent reactions (MCRs)
have remained one of the most powerful and attractive tools
in synthetic organic chemistry, allowing the generation of
Scheme 1. Processes involving enolization-driven cycloisomerizations of Ugi adducts comprising a triple bond functionality.
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the application of a 3-substituted propiolic acid and a phen-
ylglyoxal as acid and aldehyde components, respectively.
The utility of process is demonstrated through the synthesis
of a small library of 5-oxo-2,5-dihydro-1H-pyrrole-2-carbox-
amides.
structurally complex and diverse products in a single opera-
tion from rather simple and accessible precursors.[1] A con-
siderable number of MCRs either directly or in combina-
tion with various post-transformations aim for the diver-
sity-oriented synthesis of heterocyclic scaffolds.[2] In this re-
gard, our group has recently studied the application of 3-
substituted propiolic acids in a four-component Ugi reac-
tion. The generated adducts, bearing triple-bond function-
ality, were employed in a variety of transition-metal-cata-
lyzed post-transformations, providing access to a wide
range of interesting heterocycles.[3] On the other hand, it
has been demonstrated that the Ugi adducts bearing triple
bonds readily undergo base-promoted cycloisomerizations,
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Table 1. Scope and limitation of a cascade Ugi reaction/5-endo-dig carbocyclization/retro-Claisen fragmentation.[a]
Entry R1 (6) R2 (7) R3 (8) R4 (9) 5 Yield [%][b]
1 Bn (6a) Me (7a) tBu (8a) Ph (9a) 5a 92
2 PMB (6b) Me (7a) tBu (8a) Ph (9a) 5b 62
3 heptyl (6c) Me (7a) tBu (8a) Ph (9a) 5c 73
4 cyclopropyl (6d) Me (7a) tBu (8a) Ph (9a) 5d 72
5 cyclooctyl (6e) Me (7a) tBu (8a) Ph (9a) 5e 76
6 Bn (6a) Me (7a) tBu (8a) Ph (9a) 5f 64
7 (6f) Et (7b) tBu (8a) Ph (9a) 5g 89
8 Bn (6a) Pentyl (7c) tBu (8a) Ph (9a) 5h 80
9 Bn (6a) Ph (7d) tBu (8a) Ph (9a) 5i 60
10[c] Bn (6a) Me (7a) cyclohexyl (8b) Ph (9a) 5j 87
11 Bn (6a) Me (7a) 1,1,3,3-tetramethylbutyl (8c) Ph (9a) 5k 40
12 Bn (6a) Me (7a) Bn (8d) Ph (9a) 5l 29
13 Bn (6a) Me (7a) 4-MeOC6H4 (8e) Ph (9a) 5m 11
14 Bn (6a) Me (7a) tBu (8a) Me (9b) 5a 68
15 Bn (6a) Me (7a) tBu (8a) Me (9b) 5b 37
16 PMB (6b) Et (7b) tBu (8a) Me (9b) 5g 50
[a] Reactions were carried out on a 0.5 mmol scale in 2 mL of MeOH by using equimolar amounts of starting materials. [b] Yield of
isolated product. [c] The reaction was conducted at 60 °C.
owing the presence of an enolizable amide group. In 2010,
El Kaïm, Grimaud, and Wagschal described an efficient
route towards highly substituted pyrrolo[2,3-d]pyrimidines
1 through the Ugi–Smiles/Sonogashira sequence followed
by base-catalyzed intramolecular cyclization (Scheme 1a).[4]
In 2012, Polindara-García and Miranda developed tBuOK-
promoted alkyne-allene isomerization of propargylamine-
derived Ugi adducts followed by enolization and cyclization
into 2,3-dihydropyrroles 2 (Scheme 1b).[5]
We have reasoned that the application of 3-substituted
propiolic acids in a combination with phenyl glyoxals[6,7]
might provide a straightforward extension to these meth-
odologies through the generation of Ugi adducts 3
(Scheme 1c), which should be even more prone to the enol-
ization-driven cycloisomerizations due to the Michael-
acceptor nature of a triple bond conjugated with an amide
group and the presence of an additional electron-with-
drawing group at the enolizable position. We were pleased
to find that the proposed intermediates 3 spontaneously cy-
clize into pyrrolones 4, which subsequently undergo retro-
Claisen fragmentation into final pyrrolones 5[8] through the
cleavage of the benzoyl moiety (Scheme 1c). Herein, we de-
scribe the scope and limitation of this cascade transforma-
tion (Table 1).
Results and Discussion
Initially we screened various primary amines 6a–f in
combination with tetrolic acid (7a), tert-butyl isocyanide
(8a), and phenylglyoxal (9a, monohydrate form). Carrying
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out these reactions in methanol at 80 °C for 24 h, we were
able to obtain the desired pyrrolones 5a–f in good to high
yields of 62–92% (Table 1, entries 1–6). Application of dif-
ferent 3-substituted propiolic acids 7b–d in combination
with 6a, 8a, and 9a in all cases maintained the good yields
for the target products 5g–i (Table 1, entries 7–9). In con-
trast, the isocyanide component showed very different per-
formance, ranging from good for cyclohexyl isocyanide (8b)
to moderate for 1,1,3,3-tetramethylbutyl (8c) and benzyl
(8d) isocyanides down to very poor for aromatic 4-meth-
oxyphenyl isocyanide (8e) (Table 1, entries 10–13). Next, we
decided to probe methylglyoxal (9b, 40 wt.-% in water) in
place of phenylglyoxal (9a) in order to upgrade the atom
economy of the process by sacrificing a smaller acetyl frag-
ment rather than a bigger benzoyl one. However, three rep-
resentative reactions with 9b gave substantially diminished
yields of the desired products compared to the analogous
reactions with 9a (Table 1, entries 14, 15, and 16 vs. 1, 2,
and 7, respectively). From the point of view of the overall
outcome, both methylglyoxal (9b) and phenylglyoxal (9a)
are used in our process as formaldehyde surrogates. How-
ever, the control experiment with paraformaldehyde (10)
yielded only acyclic Ugi adduct 11 (Scheme 2), showing that
the presence of the glyoxal-derived electron-withdrawing
group is essential for the cyclization step and for the overall
Ugi reaction/5-endo-dig carbocyclization/retro-Claisen frag-
mentation process.
It is also worth highlighting that in one case we were
able to trap and characterize unfragmented pyrrolone 4d.
Conducting the reaction of 6d, 7a, 8a, and 9a at 60 °C in
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Scheme 2. Control experiment with paraformaldehyde (10).
Scheme 3. Trapping of pyrrolone 4d.
the presence of anhydrous sodium sulfate led to the isola-
tion of 4d in 33% yield in addition to 5d, which was still
obtained as a major product in 54% yield (Scheme 3).
Compound 4d is fully converted into 5d and benzoic acid
during long-term storage under ambient conditions.
Conclusions
We have successfully combined elements of rational de-
sign and serendipity to elaborate a cascade transformation
involving Ugi reaction followed by enolization-triggered 5-
endo-dig carbocyclization and retro-Claisen fragmentation
leading to 1H-pyrrol-2(5H)-ones. The described methodol-
ogy is operationally simple and utilizes readily available pri-
mary amines, 3-substituted propiolic acids, isocyanides, and
phenylglyoxal as starting materials.
Experimental Section
General Procedure for the Ugi Reaction Followed by 5-endo-dig
Carbocyclization and Retro-Claisen Fragmentation: 3-Substituted
propiolic acid 7 (0.5 mmol) was dissolved in methanol (2 mL), fol-
lowed by addition of phenylglyoxal monohydrate (9a) (76 mg,
0.5 mmol), amine 6 (0.5 mmol), and isocyanide 8 (0.5 mmol). The
resulting mixture was stirred at 80 °C for 24 h in a sealed screw-
cap vial. The resulting mixture was concentrated and subjected to
column chromatography to give the desired product 5 (Table 1).
1-Benzyl-N-tert-butyl-3-methyl-5-oxo-2,5-dihydro-1H-pyrrole-2-carb-
oxamide (5a): The title compound (132 mg, 92%) was isolated by
column chromatography on silica gel with heptane/EtOAc (40%)
as eluent. 1H NMR (300 MHz, CDCl3): δ = 7.41–7.13 (m, 5 H),
5.91 (pent., J = 1.5 Hz, 1 H), 5.47 (br. s, 1 H), 4.82 (d, J = 14.8 Hz,
1 H), 4.27 (d, J = 14.8 Hz, 1 H), 4.22–4.17 (m, 1 H), 2.05–2.00 (m,
3 H), 1.20 (s, 9 H) ppm. 13C NMR (CDCl3, 75 MHz): δ = 173.2,
165.5, 157.2, 136.9, 129.1, 128.6, 128.1, 122.3, 71.3, 51.6, 46.1, 28.5,
14.6 ppm. HRMS (EI): calcd. for C17H22N2O2 [M]+ 286.1681;
found 286.1674.
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Supporting Information (see footnote on the first page of this arti-
cle): All the experimental procedures, characterization data, and
the copies of the 1H and 13C NMR spectra.
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